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@ Apparatus for recording and reproducing digital video signal.

@ A video image of one frame is divided into a plurality of super blocks, and each super block comprises a
plurality of macro blocks. A video segment comprising five macro blocks taken out from five super blocks
located apart from each other on the video image, and data compression operation is applied in the video
segment. After data compression, the macro blocks in the video segment are rearranged in the original order,
and are formed to corresponding SYNC block data to record on a magnetic tape.
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FIELD OF THE INVENTION AND RELATED ART STATEMENT
FIELD OF THE INVENTION

The present invention relates generally to an apparatus for recording and reproducing a video signal,
and more particularly to an apparatus for recording and reproducing a digital video signal which is capable
of reproducing a legible video image in high speed reproduction of a recorded digital video signal.

DESCRIPTION OF THE RELATED ART

In an apparatus for recording and reproducing a digital video signal (hereinafter is referred to as a
digital VTR). The amount of data to be recorded is far more than that in an apparatus for recording and
reproducing an analog video signal. Therefore, in the digital VTR, in order to convert the analog video signal
fo the digital video signal with a conversion efficiency as high as possible, data of a video signal is
compressed on the basis of a high efficiency coding method. The conversion efficiency is represented by a
ratio of the amount of analog data to the amount of digital data, and in the case that the analog data is
represented by a little digital data, the conversion efficiency increases. The compressed data is recorded on
a magnetic tape of the digital VTR.

An example of the high efficiency coding method is described hereafter. In the high efficiency coding
method, a video signal of one frame is divided into a plurality of macro blocks composed of data of an area
of eight pixels in the horizontal direction and eight lines in the vertical direction. The macro blocks are
shuffled, and subsequently, the known discrete cosine transform operation and a variable length coding
operation are applied to the macro blocks, and each macro block is converted to coded data. The
conversion efficiency is improved by the shuffling operation.

In the coded data of each macro block, a coded data including a main component which is a low
frequency component of an original signal is stored in one synchronizing block (hereinafter referred to as
SYNC block). Prior to recording the SYNC block data formed as mentioned above in the magnetic tape, the
SYNC block data is rearranged by a recording deshuffling circuit. The rearranged SYNC block data are
recorded on the video frack of the magnetic tape in the rearranged order. By the rearrangement, when
these SYNC blocks are reproduced, the macro blocks reproduced from the SYNC blocks which are
neighboring to each other on a video frack of the magnetic tape are placed in the immediate neighborhood
on a video image.

In a high speed reproduction of the recorded SYNC block data, video data reproduced from the video
fracks having the same track number of plural frames are placed in the immediate neighborhood on the
reproduced video image. The above-mentioned prior art is disclosed in the Japanese published unexamined
patent application Hei 5-252476.

In the recording method of the prior art, the order of the macro blocks arranged by the input shuffling
circuit is different from the order of the SYNC block data rearranged by the recording deshuffling circuit.
Therefore, the input shuffling circuit and the recording deshuffling circuit must be configurated by separate
data rearrangement circuits. Consequently, two kinds of data rearrangement circuits are required and the
circuit configuration is complicated.

OBJECT AND SUMMARY OF THE INVENTION

An object of the present invention is to provide an apparatus for recording and reproducing a digital
video signal which is simplified in an input shuffling circuit for improving a compression efficiency by
rearrangement of data and in a recording deshuffling circuit for improving an image quality in a high speed
reproduction by rearrangement of data.

The apparatus for recording and reproducing the digital video signal in accordance with the present
invention comprises:

input shuffling means for

dividing a video image into a first predetermined number of segments in the vertical direction and into a
second predetermined number of segments in the horizontal direction in order to divide the video image
into super blocks of the number of the product of the first predetermined number by the second
predetermined number,

setting a predetermined order of the super blocks,

dividing each super block into a plurality of macro blocks comprising data of a third predetermined
number of horizontal pixel and a fourth predetermined number of vertical pixel,
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setting a predetermined order of macro blocks in each super block,

setting a video segment comprising plural macro blocks belonging to super blocks different from each
other, and

arranging the video segment as the unit of data processing;

coding means for generating coded data of which variable length coding operation is applied to video
data to limit the amount of data of the coded data to a predetermined amount of data every video segment,

synchronizing block data generation means for generating synchronizing block data to store a main
component of the coded data of one macro block in one synchronizing block,

recording deshuffling means for rearranging the super blocks of the first arrangement order of super
block into a predetermined second arrangement order of super block,

recording means for recording the synchronizing block data on plural video tracks of a magnetic tape
moving with a first moving speed.

By the above-mentioned configuration, arrangement of the macro blocks in a super block is decided by
the input shuffling means, and the arrangement of the macro blocks in the super block is not changed after
the deshuffling operation by the recording deshuffling means. Consequently, circuit configuration of the
recording deshuffling means is simplified.

Moreover, in the decoding means, since a video segment composed of plural macro blocks separated
from each other on a video image is applied to data compression as a unit of variable length coding
operation, the compression efficiency is improved. Further, in the input shuffling means, the data of each
video segment is arranged in the order from the macro blocks which are placed on the central part of the
video image to the macro blocks which are placed on a peripheral portion: and thus the macro blocks of
each video segment which are lastly coded by the coding means are placed on the end part of the video
image. Therefore, in the case that the total amount of the coded data of each video segment exceeds a
predetermined amount and overflows, even if the coded data of the macro blocks which are lastly coded
are neglected, the deterioration of the video image due to the neglection of the data does not occur on the
central portion but occurs on the peripheral portion of the video image, because the lastly coded macro
blocks are placed on the peripheral portion of the video image. Consequently, the video image on the
central part is not damaged by the neglect of the data.

Moreover, in the recording deshuffling means and the decoding means, the SYNC block data are
rearranged so that the macro blocks corresponding to the SYNC block data are in the neighborhood of each
other on the video image, and the coded data including the main component of the macro blocks are
recorded on the video track of the magnetic tape in the rearranged order. Consequently, in the high speed
reproduction, the SYNC block data reproduced from a part of the video tracks having the same track
number are placed in the neighborhood of each other on the reproduced video image. Consequently, a
legible video image is obtained in the high speed reproduction.

While the novel features of the invention are set forth particularly in the appended claims, the invention,
both as to organization and content, will be better understood and appreciated, along with other objects and
features thereof, from the following detailed description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a block diagram of an embodiment of an apparatus for recording and reproducing a digital video
signal in accordance with the present invention;

FIG.2 is a block diagram of a detailed circuitry of an input shuffling circuit included in the block diagram
in FIG.1.

FIG.3(a) is a diagram of a macro block in the NTSC standard (hereinafter is referred to as 525/60
system) of the embodiment of the apparatus for recording and reproducing the digital video signal in
accordance with the present invention;

FIG.3(b) is a diagram of a macro block in the PAL standard (hereinafter is referred to as 625/50 system)
of the embodiment of the apparatus for recording and reproducing the digital video signal in accordance
with the present invention;

FIG.4(a) is a diagram representing macro blocks and super blocks in the 525/60 system of the
embodiment;

FIG.4(b) is a diagram representing macro blocks and super blocks in the 625/50 system in the
embodiment;

FIG.5(a) is a diagram representing arrangement of the super blocks in the 525/60 system of the
embodiment;
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FIG.5(b) is a diagram representing arrangement of the super blocks in the 625/50 system of the
embodiment;
FIG.6(a), FIG.6(b) and FIG.6(c) are diagrams representing arrangements of macro blocks in a super block
in the 525/60 system of the embodiment;
FIG.6(d) is a diagram representing arrangement of the macro blocks in a super block in the 625/50
system of the embodiment;
FIG.7 is a block diagram of a detailed configuration of a coding circuit included in the block diagram of
FIG.1;
FIG.8 is a block diagram of a detailed configuration of a SYNC block data generation circuit included in
the block diagram of FIG.1;
FIG.9 is a diagram representing coded data of one video segment in the embodiment;
FIG.10 is a diagram representing configuration of SYNC block data in the embodiment;
FIG.11 is a block diagram of detailed configuration of a recording deshuffling circuit included in the block
diagram of FIG.1;
FIG.12 is a diagram representing a SYNC block in the embodiment;
FIG.13 is a block diagram representing relation between the SYNC block data and the video tracks in the
embodiment;
FIG.14(a) is a diagram representing video tracks on a magnetic tape on which video data of one frame
are recorded in 525/60 system in the embodiment;
FIG.14(b) is a diagram representing video tracks on the magnetic tape on which video data of one frame
are recorded in the 625/50 system in the embodiment.

It will be recognized that some or all of the Figures are schematic representations for purposes of

illustration and do not necessarily depict the actual relative sizes or locations of the elements shown.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG.1 is a block diagram of a circuit of the apparatus for recording and reproducing a digital video
signal of an embodiment of the present invention. Referring to FIG.1, component signals of an analog video
signal are inputted to an input terminal 1. The circuit is applicable to an NTSC standard video signal
(hereinafter is referred to as 525/60 system) of 525 scanning lines per frame and 60 Hz of the field
frequency and the PAL standard video signal (hereinafter is referred to as 625/50 system) of 625 scanning
lines per frame and 50 Hz of field frequency. First, the case of 525/60 system is described hereafter.

[525/60 system]

Video signals inputted fo the input terminal 1 are component signals comprised of a luminance signal Y,
a color difference signal (R - Y) and a color difference signal (B - Y). The component signals are applied to
an analog to digital converter 2 (hereinafter is referred to as ADC), and is converted into a digital signal
(image data) of the known 4:2:2 format. Effective data of a luminance signal Y per frame comprise the data
of the product of horizontal data of 720 pixels by vertical data of 480 lines. Moreover, each effective data of
the color difference signals (R - Y) and (B - Y) per frame comprise the data of the product of horizontal data
of 360 pixels by vertical data of 480 lines.

The digital signal of the 4:2:2 format is inputted to the input shuffling circuit 3, and is converted into a
digital signal (video data) of 4:1:1 format by a decimation circuit 21A included in the input shuffling circuit 3
as shown in FIG.2. In the 4:1:1 format, the effective data of the luminance signal Y per frame comprise the
data of the product of the horizontal data of 720 pixels by the vertical data of 480 lines. Moreover, the each
effective data of the color difference signals (R - Y) and (B - Y) per frame comprise the data of the product
of the horizontal data of 180 pixels by the vertical data of 480 lines.

The input shuffling circuit 3 comprises a memory 21, a write address control circuit 22, a read address
control circuit 23, a generation circuit of macro-block-order-in-super-block 24 and a generation circuit of
shuffling-order-of-super-block 25. The video data of the 4:1:1 format output from the decimation circuit 21A
are written in the memory 21 by a control signal output from the write address control circuit 22. The written
video data is read out from the memory 21 by a control signal output from the read address control circuit
23. The read address control circuit 23 receives signals of the generation circuit of macro-block-order-in-
super-block 24 and the generation circuit of shuffling-order-of-super-block 25. The video data is made to a
block by the write and read operations, and block data is output to a terminal 26.

Structure of the block data is shown in FIG.3(a) and FIG.4(a). The block data structure of a macro block
in the 525/60 system is shown in FIG.3(a). Referring to FIG.3(a), a video image of one frame composed of a
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first field and a second field is divided into a plurality of macro blocks 40 which are defined as data
processing units. A macro block 40 comprises four DCT block (discrete cosine transform) 40A of the
luminance signal Y, one DCT block 40B of the color difference signal (R - Y) and one DCT block 40C of the
color difference signal (R - Y). One DCT block is composed of the data of the product of the horizontal data
of eight pixels by the vertical data of four lines per field, and the number of data is equal to (8x4x2) per
one frame (2 fields). Therefore, as shown in FIG.4(a), the video image of one frame is divided into 22.5
segments in the horizontal direction between the left end shown by "LEFT" and the right end shown by
"RIGHT", and is divided into 60 segments in the vertical direction between the upper end shown by "TOP"
and the lower end shown by "BOTTOM". Consequently, the video image of one frame is divided into 1350
macro blocks (22.5x60).

In the macro blocks 41 on the right end portion of the video image, the luminance signal Y is composed
of the data of the product of the horizontal data of 16 pixels by the vertical data of 8 lines per one field and
thus the number of data is (16x8x2) per two fields (one frame). Moreover, the color difference signals (R -
Y) and (B - Y) are composed of the data of the product of the horizontal data of 4 pixels by the vertical data
of 8 lines per field and thus the number of data is (4x8x2) per two fields (one frame).

In the input shuffling circuit 3, the video image of one frame is divided into a plurality of blocks
designated as "super block™. Structure of block data of the super blocks is illustrated with thick lines in
FIG.4(a). The video image of one frame is divided into 10 segments in the vertical direction and is divided
into five segments in the horizontal direction, and thus is divided into 50 super blocks (10x5), for example.
Areas separated by thick lines in FIG.4(a) represent the super blocks.

Arrangement of the super blocks is shown in FIG.5(a). An address of each super block is represented
by "Sij i = 0, - -,9;j =0, - ,4)" One super block S;; comprises 27 macro blocks. Horizontally
neighboring two super blocks S;p and S;; are step-shaped at their boundaries in order to equalize the
number of macro blocks in each super block. In a similar manner, horizontally neighboring two super blocks
Si2 and S;; are step-shaped at their boundary.

Arrangement of the macro blocks in each super block is shown in FIG.6(a), FIG.6(b) and FIG.6(c). As
shown in FIGs .6(a), 6(b) and 6(c), the arrangements of the macro blocks in the super blocks are classified
into three patterns in accordance with the shape of the super block. The super blocks Sip and S (i = 0, -
0.9) are classified into a first pattern as shown in FIG.6(a), the super blocks S;; and S;; are classified into a
second pattern as shown in FIG.6(b), and the super block S;4 are classified into a third pattern as shown in
FIG.6(c).

In the super blocks of these three patterns, the macro block at the upper left-hand corner of each super
block is given a first number and is represented by "0". Subsequently, the macro blocks arranged in the
vertical direction with respect to the first macro block are given a series of number in the vertically arranged
order. The next number of the final macro block in the vertical direction is given to the macro block
neighboring to the final macro block in the horizontal direction. Subsequently, a series of number is given to
the macro blocks arranged upward in the vertical direction in the arranged order. The above-mentioned
operation is performed to the entire macro blocks in the super block. Resultant arrangement of the macro
blocks in the super blocks of three patterns are shown in FIG.6(a), FIG.6(b) and FIG.6(c), respectively.
Twenty-seven macro blocks in a super block are represented by "M« (i = 0, - -,9;j =0, -4 k=0,
,26)". The arrangement of the address illustrated in FIG.6(a), FIG.6(b) and FIG.6(c) is performed by the
generation circuit of the macro-block-order-in-super-block24 in the input shuffling circuit 3.

Subsequently, one macro block is designated in each one of five super blocks which are separated
from each other on the video image, and one "video segment" is composed of the five macro blocks
selected from the separated five super blocks as mentioned above. The video segment is represented by
"Vik i =0, .9,k =0, -,26)", and the macro blocks M;;« represented by the following Equation (1)
correspond to a video segment V.
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Vi,k =  M(i+2) mod 10, 2,

M(i+6) mod 10, 1,

k
k
M(i+8) mod 10, 3, Kk,
M(i+0) mod 10, 0, k
Kk

M(i+4) mod 10, 4,

Referring to Equation (1), a representation "(i + 2) mod 10" in a term "I" of subscripts of "M"
represents "modulo operation” for deriving a remainder by dividing the value of (i + 2) by 10. The values
2, 6, 8 0 and 4 in the respective parentheses are arbitrarily selected. Numerals in a term "J" of the
subscripts represent the values of "j" for designating the positions of the super blocks in the horizontal
direction. These numerals are also arbitrarily selected.

A term "K" of the subscripts represents the macro block number "k". A video segment "V, " is
comprised of five macro blocks having the same number "k" in five super blocks selected as shown by the
Equation (1).

In the Equation (1), a super block S;;j and a macro block M;j in the case of "i = 1" and "k = 1" are
shown in Table 1.

Table 1
Super block Macro block
S32 M3z 1,
S71 Mz 1.1,
S 3 Mo,s,1,
S1,0 IVI1,0,1,
Ss.4 Ms.4,1,

In Table 1, addresses of the super blocks (see FIG.5(a)) are shown in the left column, and the order
from the top to the bottom represents a "first arrangement order of super blocks". Namely, the first order of
arrangement of the super blocks is designated by the generation circuit of shuffling-order-of-super-block 25
as the equation 1. The addresses of the macro blocks in each super block are shown in the right column
(the macro blocks having the number (1) in FIG.6(a), FIG.6(b) and FIG.6(c)).

Subsequently, in FIG.(2), the data stored in the memory 21 is read out every video segment by control
of the generation circuit of shuffling-order-of-super-block 25. Since the five macro blocks in each video
segment are taken out of different super blocks from each other, these macro blocks are located on
separated positions from each other on the video image.

In the term "J" of the subscripts of Equation 1, the order of the numerals "2, 1, 3, 0, 4" designates
positions in the horizontal direction on the video image as shown in FIG.4(a). The numeral "2" represents a
central area in the video image. In a similar manner, the numerals "1" and "3" represent both areas
neighboring to the central area "2", and the numerals "0" and "4" represent both end areas. As shown by
Equation 1, the macro block of the central part on the video image is arranged on the top line in Equation 1,
and the macro block of the end part on the video image is arranged in the bottom line in Equation 1. In the
data processing of the embodiment, the macro block of the upper line in Equation (1) has priority over the
macro block of the lower line, because the macro block of the upper line is located on the important central
part of the video image and the macro block of the lower line is located on the end part of the video image
which is relatively lower in importance. By the above-mentioned selection of the skipped numerals such as
2, 6, 8, 0 and 4, five super blocks located at the separated positions may be designated in the horizontal

6
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direction and the vertical direction on the video image.
The order of the video segments V; output from the input shuffling circuit 3 is as follows.

(Vo,0> Vo,1> Vo,2> =" "> Vo, 6 26>

Vi,00 V1,1> V1,20 =+ Vi1 26

Vg,0» Vo9,1> Vo9,20 > Vg 26-1]

In the above-mentioned expression of the order of the video segments, the video segments are output
in the order from left to right in each horizontal line by starting from the top line, and are output in the order
shown by successive lower lines.

The macro blocks in the video segment are applied to the coding circuit 4 in the order shown in
Equation (1) and are encoded in the order. The coded data are output o a terminal 94 of the coding circuit
4. In the coded data of each macro block of the video segment, in the case that the data of the macro block
of the top line in Table 1 overflow by exceeding a predetermined data length, the overflowed data are
stored in a data area for the macro block of the subsequent lower line in Table 1. In a similar manner, data
overflowed in the macro block of the upper line are successively stored in a data area for the macro block
of the lower line. Consequently, in the case that overflowed data can not be stored in the data area for the
macro block of the bottom line in Table 1, the overflowed data are abandoned. However, since the macro
block of the bottom line has the image data of peripheral parts of the video image, even if the data of the
macro block of the bottom line is abandoned, the reproduced video image is deteriorated only on the
peripheral parts. Consequently, damage in the quality of the reproduced image is relatively lower.

Detailed configuration of the coding circuit 4 is shown in FIG.7. The coding circuit 4 comprises a DCT
circuit 91, a quantization circuit 92 and a VLC circuit 93 (variable length coding circuit). The block data of a
macro block inputted in a terminal 90 is discrete-cosine transformed by the DCT circuit 91 in a manner that
is well known in the art. Subsequently, estimation of a data amount of coded data is performed in the
quantization circuit 92 so that the coded data of each video segment is shorter than a predetermined data
length, and the coded data is quantized with reference to the estimated amount. The quantized data is
inputted to the VLC circuit 93, and is encoded such manner that the code length of each video segment is
shorter than the predetermined data length. The coded data is output to the terminal 94 and is applied to a
synchronising block data generation circuit 5 (hereinafter is referred to as SYNC block data generation
circuit).

The coded data of one video segment are shown in FIG.9. The coded data 127, 128, 129, 130 and 131
of each of five macro blocks are different from each other in the data length corresponding to the respective
video images. However, the total of the coded data of five macro blocks is limited to the predetermined data
length.

As shown in FIG.8, the SYNC block data generation circuit 5 comprises a data length detection circuit
96, a write address control circuit 97, a memory 99 and a read address control circuit 98.

FIG.10 is a diagram representing configuration of the SYNC block data. Referring to FIG.10. The SYNC
block data 150 comprises the coded data of an additional information 151, image data 152, 153, 154, 155,
156 and 157 of the luminance signal and the color difference signals. The additional information data 151
represents condition of data compression. The data length of the image data 152 --- 157 are set o a
predetermined length, and a memory space corresponding to the predetermined data length is prepared in
the memory 99 of the SYNC block data generation circuit 5 of FIG.8.

In the SYNC block data generation circuit 5, the data lengths of the inputted image data 152 --- 157 are
detected by the data length detection circuit 96. Subsequently, the image data 152 --- 157 are written in the
memory 99 on the basis of the output signal of the write address control circuit 97. In the write operation,
the coded data of the five macro blocks are incorporated in respective data areas of the five SYNC block
data 150.

The five SYNC block data 150 are generated by the following process. The coded data of the DCT
block of one luminance signal is incorporated in the data area of the video data 152 in a manner that the
low frequency components of the luminance signal are incorporated with priority. In a similar manner, the
coded data of the DCT blocks of luminance signals of three macro blocks are incorporated in the respective
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data areas of the video data 153, 154 and 155 such that the low frequency components of the respective
luminance signals are incorporated with priority. In a similar manner, the coded data of the DCT blocks of
the color difference signals (R - Y) and (B - Y) are incorporated in the data areas of the video data 156 and
157 with priority on the low frequency components.

In the memory areas prepared for the image data 152 --- 157 in the memory 99, a memory area is filled
with the coded data and a part of the coded data overflows. On the other hand, a memory area has a
margin. In the case that coded data overflow in the memory area of an image data, the overflowed coded
data are written in the memory area of video data having the margin in the memory areas of the same
SYNC block data. The low frequency component of the signal is called a "main component”. In the case
that the coded data overflow in spite of the above-mentioned operation, the overflowed part of the coded
data is written in the memory areas of the video data having a margin in other four SYNC block data.

Compression information is written in the memory area of the additional information 151. In this manner,
the main component of the coded data of one macro block is stored in the data area of one SYNC block
data. Consequently, one SYNC block data 150 corresponds to one macro block data. A SYNC block data is
represented by "Uj;". One SYNC block data U« comprises the main component of the coded data of one
macro block M; .

The SYNC block data 150 stored in the memory 99 by the above-mentioned operation is read out by
control of the read address control circuit 98, and is applied to a recording deshuffling circuit 6 through a
terminal 160. The recording deshuffling circuit 6, as shown in FIG. 11, comprises a memory 161, a write
address control circuit 162, a generation circuit of deshuffling-order-of-super-block 163 and a read address
control circuit 164.

The inputted SYNC block data 150 is written in the memory 161 by the control signal of the write
address control circuit 162. In the memory area of the memory 161, addresses of the memory 161 are set
in a manner that the SYNC block data 150 are arranged in the order of data T; as shown by Equation (2).

Ty = {U;j 0,0,--- > Ui, ,o,26 -

Uj,1,0,-+- » Ui 1,26 -
Ui 2,0,--- » Ui 226 -
Ui,3,0,.- .- - Ui 326 °

Ui,4,0,' . e N U1,4,26 } ........... (2),
(i =0’...’9).

The addresses corresponding to the SYNC block data are set by the generation circuit of deshuffling-
order-of-super-block 163, and the SYNC block data are written in the memory 161 in compliance with the
respective addresses. In the memory 161, as mentioned above, only the order of the super blocks are
rearranged to a "second arrangement order of super blocks" as shown by Equation (2) in the state that the
arrangement of the macro blocks in the super block is maintained.

The SYNC block data 150 stored in the memory 161 are successively read out by control of the read
address control circuit 164, and are applied to the recording data generation circuit 7 through a terminal
165.

In the recording data generation circuit 7, a predetermined error correction code (parity) 140, identifica-
tion information (ID) 138 and a predetermined SYNC pattern 137 are added to each SYNC block data 150,
and a SYNC block is formed. The SYNC block is recorded in a magnetic tape 10 through a recording
amplifier 8 and a recording head 9. Structure of the SYNC block is shown in FIG.12.

Relation between a SYNC block data U;; and a position to be recorded on the video track is shown in
FIG.13. Referring to FIG.13, the SYNC block data Uggp ..- Up426 are recorded in the video track having a
track number "0". In a similar manner, the SYNC block data Uigg ... Uisa26 are recorded in the video track
having the track number "i". The number of track for recording the SYNC block data of one frame is ten in
the 525/60 system.

FIG.14(a) is a diagram illustrating ten tracks 171 formed on the magnetic tape 170 in the 525/60
system. In FIG.14(a), the SYNC block data containing the main components of the coded data of five super
blocks are recorded on one of video tracks 171.
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[626/50 system]

In the case that the standard video signal of the 625/50 system is inputted to the input terminal 1 of the
apparatus shown in FIG.1, in a manner similar to the 525/60 system the component signals comprising the
luminance signal Y, the color difference signals (R - Y) and (B - Y) are inputted to the ADC 2, and are
converted into the digital signal (image data) of the known 4:2:2 format. In the 626/50 system, effective data
of the luminance signal Y of one frame comprise the data of the product of the horizontal data of 720 pixels
by the vertical data of 576 lines. Moreover, the effective data of color difference signals (R - Y) and (B - Y)
of one frame comprises the data of the product of the horizontal data of 360 pixels by the vertical data of
the 576 lines.

The digital signal of the 4:2:2 format is inputted in the input shuffling circuit 3, and is converted into the
digital signal of 4:2:0 format by the decimation circuit 21A of the input shuffling circuit 3.

In the input shuffling circuit 3 shown in FIG.2, the digital signal of the 4:2:0 format is written in the
memory 21, and is read out from the memory 21 in the predetermined order. The video data of the digital
signal is made to block data by the write and read operation, and the block data is output to the terminal 26.

The configuration of the block data is shown in FIG.3(b). Referring to FIG.3(b), a macro block 62
comprises four DCT blocks of the luminance signal Y, one DCT block of the color difference signal (R - Y)
and one DCT block of the color difference signal (R - Y).

The video image of one frame is divided into five segments in the horizontal direction and is divided
into twelve segments in the vertical direction as shown by thick lines in FIG.4(b). As a result of the division,
60 super blocks (5x12) are formed. Each super block is divided into nine segments in the horizontal
direction, divided into three segments in the vertical direction and is divided into 27 macro blocks (9x3).
Consequently, the video image of one frame is divided into 45 segments in the horizontal direction and is
divided into 36 segments in the vertical direction. Namely, the video image of one frame comprises 1620
macro blocks (45x 36).

Arrangement of the super blocks are shown in FIG.5(b). Each super block is represented by "S;; (i = 0,
1,2,---,10,11;j = 0, 1, 2, 3, 4)". Each super block S;; is composed of 27 macro blocks numbered as
shown in FIG.6(d). The arrangement of the address illustrated in FIG.6(a), FIG.6(b) and FIG.6(c) is
performed by the generation circuit of the macro-block-order-in-super-block24 in the input shuffling circuit 3.
The arrangement of the macro blocks in the super block is similar to that in the 625/50 system. In the
525/60 system, the arrangement of the macro blocks in the super block is only one pattern as shown in
FIG.6(d). One video segment is composed of five macro blocks in the same manner as the 525/60 system.
When a macro block in the super block is represented by M;;x and the video segment is represented by
Vi five macro blocks M;;« represented by Equation 3 correspond to a video segment V.

<
-
=
i
pariy
=
=
+

2) mod 12, 2, k
M(i + 6) mod 12, 1, k °
M(i + 8) mod 12, 3, j -
M(i + 0) mod 12, 0, k *

M(i + 4) mod 12, 4, k } covevrenen (3),
(1 =0,---,11; X

1l
o
[\
[o2]

A

In the input shuffling circuit 3 of FIG.2, the data stored in the memory 21 are arranged as the unit of the
video segment by the generation circuit of shuffling-order-of-super-block25. The five macro blocks in each
video segment are located on separated positions from each other on the video image in a manner similar
to the 525/60 system.

The macro blocks of each video segment are applied to the coding circuit 4 in the order shown by
Equation (3). In the coding circuit 4 and the SYNC block data generation circuit 5, similar processing
operation to the 525/60 system is applied to the data, and generated SYNC block data are applied to the
recording deshuffling circuit 6.
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In the recording deshuffling circuit 6 of FIG.11, the SYNC block data inputted from the terminal 160 are
written in the memory 161 by the control signal of the write address control circuit 162. The address of the
memory area of the memory 161 is set so that the SYNC block data are arranged in the order of data T;
shown by Equation (4).

Ty = {Uj,0,0,.-. > Ui, o0,286,
Ui 1,0,- .- » Ui, 1,26,

Ui 2,0, -- » Ui 2 26,

A PP S (4),

c
e
IS
(@]

(i =0,---,11).

The addresses corresponding to the SYNC block data are set by the generation circuit of deshuffling-
order-of-super-block 163, and the SYNC block data are written in the memory 161 in compliance with the
respective addresses. As mentioned above, similarly to the 525/60 system, only the order of the super
blocks is rearranged in the state that the order of the macro blocks is maintained in the super block.

The SYNC block data stored in the memory 161 are read out in the order controlled by the read
address control circuit 164 and are applied to the recording data generation circuit 7 of FIG.1 through the
terminal 165. In the recording data generation circuit 7, as shown in FIG.12, a predetermined error
correction code (parity) 140, identification information (ID) 138 and a SYNC pattern 137 are added to each
SYNC block data, which is recorded in the magnetic tape through the recording amplifier 8 and the
recording head 9.

The relation between the SYNC block data and the recording positions on the video track is represented
by FIG.13 in the same manner as the 525/60 system. Tracks on which the video data of one frame are
recorded are shown in FIG.14(b). The SYNC block data having the main components of the coded data of
five super blocks are recorded on one of video tracks 181.

[Normal speed reproduction]

Reproducing operation of the recorded video data at a normal tape-moving-speed is elucidated
hereafter (reproducing operation at the same tape moving speed as the tape moving speed in the recording
operation). In FIG.1, data reproduced by a reproducing head 11 is applied to a SYNC block reproduction
circuit 13 through a reproduction amplifier 12. In the SYNC block reproduction circuit 13, the SYNC pattern
137 and ID 138 shown in FIG.12 are detected, and the SYNC block data is identified. Subsequently, the
known error correction operation is applied to the SYNC block data. The corrected SYNC block data are
applied to a reproducing shuffling circuit 14.

In the reproducing shuffling circuit 14, a video segment is taken as the unit in data processing. The
SYNC block data of each video segment are applied to a decoding circuit 15 and are decoded. The
decoded block data are applied to an output deshuffling circuit 17 and are rearranged in the order of the
video data on the video image. The video data are converted to an analog video signal by a DAC 18 and
are output o a terminal 19.

[High speed reproduction]

When the recorded data of the video image in the 525/60 system or the 625/50 system is reproduced
with a higher tape moving speed than that in the recording operation, the reproducing head 11 traverses
plural tracks in one scanning, and the SYNC block data of plural frames are detected. The detected SYNC
block data are applied to the SYNC block reproduction circuit 13. In the SYNC block reproduction circuit 13,
error correction operation is carried out. The error corrected SYNC block data is applied to the reproducing
shuffling circuit 14. In the reproducing shuffling circuit 14, the SYNC block data is stored in a predetermined
address of a memory in the reproducing shuffling circuit 14 on the basis of the SYNC block ID 138 in

10
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FIG.12. The memory comprises a memory area for storing the SYNC block data of one frame. The SYNC
block data stored in the memory is read out in the unit of video segment, and the read out SYNC block data
is applied to the decoding circuit 15.

The macro block corresponding to the SYNC block including only the main component of the SYNC
block data is decoded by the decoding circuit 15. The data of the decoded macro blocks are applied fo the
output deshuffling circuit 17 and are rearranged therein, and reproduced video data of one frame are
generated. The reproduced video data are converted into an analog signal by the DAC 18 and is output to
the output terminal 19. Data of plural frames reproduced from the magnetic tape 10 are mixed in the output
video image, and the video data reproduced from the video tracks having the same frack number are in the
neighborhood of each other. Therefore, the video image of the high speed reproduction is legible.

According to the embodiment, the recording deshuffling circuit rearranges the inputted block data in the
second arrangement order of super block as expressed by Equations (2) and (4), and successive operation
is performed in the second arrangement order of super block. Therefore, the arrangement of the macro
blocks in the super block is not changed, and arrangement operation with respect to the macro blocks is
not needed. Consequently, the circuit configuration of the recording deshuffling circuit is simplified.

The method for dividing the video image into the super blocks and the macro blocks is not limited to
the method shown in FIGs. 4(a) and 4(b). Moreover, the number of macro block of the video segment may
be arbitrarily selected. Furthermore, the number of track for recording the image data of one frame is not
limited to ten or eleven, and an arbitrary number of track may be selected. The error correction operation
may be performed after reproducing shuffling operation.

In the apparatus for recording and reproducing digital video signal of the embodiment, the arrangement
of the macro blocks in the super block is decided in the input shuffling circuit 3. The decided arrangement
of the macro blocks in the super block is changed in the successive data processing operation.

Although the present invention has been described in terms of the presently preferred embodiments, it
is to be understood that such disclosure is not to be interpreted as limiting. Various alterations and
modifications will no doubt become apparent to those skilled in the art after having read the above
disclosure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations
and modifications as fall within the true spirit and scope of the invention.

Claims

1. An apparatus for recording and reproducing a digital video signal comprising:

input shuffling means for

dividing a video image into a first predetermined number of segments in the vertical direction and
into a second predetermined number of segments in the horizontal direction in order to divide said
video image into super blocks of the number of the product of said first predetermined number by said
second predetermined number,

setting a predetermined order of the super blocks,

dividing each super block into a plurality of macro blocks comprising data of a third predetermined
number of horizontal pixel and a fourth predetermined number of vertical pixel,

setting a predetermined order of macro blocks in each super block,

setting a video segment comprising plural macro blocks belonging to super blocks different from
each other, and

arranging said video segment as the unit of data processing;

coding means for generating coded data of which variable length coding operation is applied fo
video data to limit the amount of data of said coded data to a predetermined amount of data every
video segment;

synchronizing block data generation means for generating synchronizing block data to store a main
component of said coded data of one macro block in one synchronizing block;

recording deshuffling means for rearranging said super blocks of said first arrangement order of
super block into a predetermined second arrangement order of super block;

recording means for recording said synchronizing block data on plural video tracks of a magnetic
tape moving with a first moving speed.

2. An apparatus for recording and reproducing a digital video signal comprising:
input shuffling means for
dividing a video image into a first predetermined number of segments in the vertical direction and
into a second predetermined number of segments in the horizontal direction in order to divide said

11
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video image into super blocks of the number of the product of said first predetermined number by said
second predetermined number,

setting a predetermined order of the super blocks,

dividing each super block into a plurality of macro blocks comprising data of a third predetermined
number of horizontal pixels and a fourth predetermined number of vertical pixels,

setting a predetermined order of macro blocks in each super block,

setting a video segment comprising plural macro blocks belonging to super blocks different from
each other, and

arranging said video segment as the unit of data processing;

coding means for generating coded data of which variable length coding operation is applied fo
video data to limit the amount of data of said coded data to a predetermined amount of data every
video segment;

synchronizing block data generation means for generating synchronizing block data to store a main
component of said coded data of one macro block in one synchronizing block;

recording deshuffling means for rearranging said super blocks of said first arrangement order of
super block into a predetermined second arrangement order of super block;

recording means for recording said synchronizing block data on plural video tracks of a magnetic
tape moving with a first moving speed;

reproducing means for detecting said recorded synchronizing block data from said video tracks of
said magnetic tape;

reproducing shuffling means for rearranging said detected synchronizing block data every video
segment;

decoding means for decoding said synchronizing block data to produce image data of said macro
blocks in the unit of the video segment in the reproducing operation with said first tape moving speed,
and for decoding said synchronizing block data to image data of said macro blocks in the unit of
synchronizing block in reproducing operation with a second tape moving speed which is larger than
said first tape moving speed, and

output deshuffling means for rearranging said image data of said macro blocks to the order of said
video image data.

An apparatus for recording and reproducing a digital video signal in accordance with claim 1 or 2,
wherein

said input shuffling means arranges said video segments in the order corresponding to said macro
block order belonging to said video segment by keeping said macro block order in said super block of
the respective macro blocks of said one video segment; and

said recording deshuffling means rearranges said synchronizing block data corresponding fo entire
macro blocks of a super block in the order of macro blocks in said super block.

An apparatus for recording and reproducing a digital video signal in accordance with claim 1 or 2,
wherein
said video image comprises video data of one field.

An apparatus for recording and reproducing a digital video signal in accordance with claim 1 or 2,
wherein
said video image comprises video data of one frame.

An apparatus for recording and reproducing a digital video signal in accordance with claim 1 or 2,
wherein

said macro blocks are given a series of numbers in the order of arrangement from one end of said
super block to the other end thereof in the neighborhood with each other.

An apparatus for recording and reproducing a digital video signal in accordance with claim 1 or 2,
wherein

said input shuffling means arranges said macro blocks in the order of arrangement from the macro
blocks of a central part of the video image to the macro blocks of a peripheral part thereof in each
video segment.

12
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An apparatus for recording and reproducing a digital video signal in accordance with claim 1 or 2,
wherein

said input shuffling means forms said video segment from a first macro block of a first super block
located at a central part in the horizontal direction of said video image, a second macro block of a
second super block and a third macro block of a third super block located at both sides of said first
super block and a fourth macro block of a fourth super block and a fifth macro block of a fifth super
block located both peripheral parts in the horizontal direction of said video image of which said five
super blocks are spaced apart from each other in the vertical direction of said video image, and a
priority order in data processing operation is given to said five macro blocks in a manner that said
priority order is gradually decreased from said first macro block to said five macro block;

said recording deshuffling means rearranges said synchronizing block data in the order of the
super blocks arranged in the horizontal direction of the video image and the order of macro blocks in
each super block.

13
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FIG. 3(b)
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FIG. 13
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